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(54) Method for analyzing impurities within silicon wafer 



(57) A method for analyzing impurities within a sili- 
con wafer in a convenient and simple manner with high 
accuracy and sensitivity. 

In a first example 1 , a silicon wafer is subjected on 
its surface to a sandblasting process with use of powder 
of Si0 2 and then to a thermal oxidation process in a dry- 
oxygen gas atmosphere to easily move impurities 
present within the silicon wafer into a distorted layer and 
to form a thermal oxide film and a surface layer of the 
waler positioned directly therebelow and containing the 
distorted layer. The thermal oxide film or the surface lay- 
er containing the distorted layer is dissolved with, e.g., 



a solution of hydrofluoric acid to recover and analyze 
the dissolved solution. In a comparative example 1 , the 
same processes as in the example 1 are carried out to 
analyze a predetermined solution, except that the sand- 
blasting process is omitted. In a comparative example 
2, the same processing steps as in the example 1 are 
carried out to analyze a predetermined solution, except 
that the formation of the thermal oxide film is replaced, 
by a native oxide film without applying any heat. In both 
of the comparative examples 1 and 2, neither Ni nor Cu 
is detected; whereas, in the example 1, an Ni content is 
100 x 10 10 atoms/cm 2 and a Cu content is 1 x 10 10 at- 
oms/cm 2 . 
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Description 

The present disclosure relates to subject matter 
contained in Japanese patent application No. 264743 
(filed on September, 1 8, 1 995) which is expressly incor- 
porated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method for ana- 
lyzing impurities contained within a silicon wafer in a 
simple manner with high accuracy and sensitivity. 

2. Description of the Related Art 

It is well known that, when there are present impu- 
rities such as metal elements (At, Na, Fe, Cr, Ni, Cu, 
etc.) on or within a silicon wafer, these impurities have 
a harmful effect on electrical characteristics of a result- 
ant semiconductor device. For this reason, it becomes 
essential to minimize or reduce the quantity of such im- 
purities to a level as small as possible, which requires 
accurate analysis of the type, surface concentration and 
content of the impurities. 

Conventional methods for directly analyzing metal- 
lic impurities on a silicon wafer or within a surface layer 
thereof include a secondary ion mass spectroscopy and 
a total reflection X-ray fluorescence analysis. In other 
matters, samples to be analyzed are taken Irom the sur- 
face layer of a silicon wafer. For example, a native oxide 
film on the surface layer of the silicon is dissolved with 
a vapor of hydrofluoric acid (HF), then a resultant dis- 
solved solution is recovered as a sample, and then an- 
alyzed. 

In both of these analysis methods, however, impu- 
rities present merely within the surface layer of the sili- 
con wafer have been analyzed and it has been difficult 
to analyze impurities existing deep within the silicon wa- 
fer. Further, in the case where more impurities are con- 
tained deep within the wafer rather than the surface lay- 
er thereof or where the diffusion velosity of the impurities 
is fast, it has been impossible to attain its accurate quan- 
titative evaluation. 

Meanwhile, conventional methods for analyzing im- 
purities in the bulk of a wafer include a method for ana- 
lyzing a solution obtained by dissolving the entire wafer 
in a chemical agent solution and a secondary ion mass 
spectroscopy. 

However, the former method has had a problem that 
not only a large quantity of the aforementioned solution 
is necessary with insufficient analysis accuracy and 
sensitivity but it also takes a lot of time to perform the 
analysis and the sample wafer is totally wasted. The lat- 
ter method, on the other hand, has been disadvanta- 
geous in that expensive facilities are required and infor- 
mation obtained through a single sputtering analysis 



corresponds merely to that part of the sample which is 
as small as, e.g., 2mm 2 (actually, a zone of 1mm in di- 
ameter being able to be analyzed), which requires a lot 
of analysis time. In addition, the latter method is a de- 
$ structive test. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
10 provide a method for analyzing impurities in the bulk of 
a silicon wafer which can analyze the impurities in the 
silicon wafer in a convenient and simple manner with 
high accuracy and high sensitivity and can suppress or 
minimize wastage and damage of a sample wafer, that 
15 is, the sample wafer being able to be used as an effec- 
tive silicon wafer product. 

In accordance with an aspect of the present inven- 
tion, the above object is attained by providing a method 
of analyzing impurities in a bulk of a silicon wafer, which 
20 method comprises the steps of applying a mechanical 
damage onto one major surface of said silicon wafer to 
introduce distortions therein to form distorted layer, sub- 
jecting the silicon to a thermal oxidation process to form 
thermal oxide film on the wafer surface said distorted 
25 layer is formed thereon, dissolving the thermal oxide film 
or the thermal oxide film and surface layer of the wafer 
with a chemical solution or vapor to recover a dissolved 
solution, and analyzing the recovered solution. 

In the invention, the step of subjecting the silicon 
30 wafer to the thermal oxidation process to form thermal 
oxide film on the wafer surface the distorted layer is 
formed thereon is carried out preferably by annealing 
the silicon wafer in the presence of an oxygen gas at a 
temperature of from 300° C to 650 & C both inclusive for 
35 2-1 20 minutes. Under these conditions, the formation of 
the thermal oxide film containing the distorted layer as 
well as the movement of the impurities within the silicon 
wafer into the distorted layer to be both promoted, thus 
allowing easy capture of the impurities. At temperatures 
40 less than 300° C, however, the movement velosity of the 
impurities within the silicon wafer becomes small, which 
requires a lot of time to realize sufficient capture of the 
impurities. At temperatures higher than 650°C,. on the 
other hand, the diffusion velosity of the impurities within 
45 the silicon wafer becomes so fast that the diffusion en- 
ergy is larger than the capture energy of the distorted 
layer, which makes it difficult to capture the impurities. 

The reason why the time of the oxidation process 
is set in the aforementioned range is that a too short 
50 annealing time results in its insufficient capture effect 
and difficult evaluating of an absolute quantity of such 
impurities present within the wafer. A too long annealing 
time, on the other hand, results in reduction of its effi- 
ciency of the treatment and a fear of involving contam- 
55 ination from the outside even at the low temperature. 

In accordance with another aspect of the present 
invention, there is provided a method of analyzing im- 
purities in a bulk of a silicon wafer, which method com- 
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prises the steps of applying a mechanical damage onto 
one major surface of the silicon wafer to introduce dis- 
torted layer therein, converting the distorted layer at the 
surface of the wafer to a native oxide film (Si0 2 film) or 
a chemically-grown oxide film (Si0 2 film), subjecting the 
wafer to an annealing process at a temperature of from 
300°C to 650°C both inclusive for 2-120 minutes, dis- 
solving with a chemical solution or vapor any one se- 
lected from the group of (1 ) the native oxide film, (2) the 
native oxide film and the silicon surface layer directly 
therebelow, (3) the chemically-grown oxide film, and (4) 
the chemically-grown oxide film and the silicon surface 
layer directly therebelow to recover the dissolved solu- 
tion, and analyzing the recovered solution. 

In this connection, the above native oxide film is 
formed by a known method, for example, by keeping the 
silicon wafer in an atmosphere having a normal temper- 
ature and a normal pressure. The above "chemically- 
grown oxide film" can be formed, lor example, by im- 
mersing a silicon wafer in a mixed solution of hydrogen 
peroxide, ammonia and water which is used at the time 
of cleaning the silicon wafer. 

In this invention, when the silicon wafer is subjected 
to an annealing process at a temperature of from 300° C 
to 650°C both inclusive for 2-1 20 minutes, the impurities 
in the bulk of the silicon wafer are moved into either one 
or both ol the distorted layer and oxide film. 

In accordance with yet another aspect of the 
present invention, there is provided a method of analyz- 
ing impurities in a bulk of a silicon wafer, which method 
comprises the steps of applying a mechanical damage 
onto one major surface of the silicon wafer to introduce 
distortions therein to form distorted layer, subjecting the 
distorted layer at the surface of the silicon wafer to an 
atmospheric pressure chemical vapor deposition (CVD) 
process or a low pressure CVD process to deposit an 
oxide film (Si0 2 film) on the distorted layer, dissolving 
the oxide film or the oxide film and the surface layer of 
the wafer with a chemical solution or vapor to recover a 
dissolved solution, and analyzing the recovered solu- 
tion. 

In the present invention, the above step of deposit- 
ing the oxide film is carried out preferably at a temper- 
ature of from 300°C to 650°C both inclusive for 2-120 
minutes. At temperatures less than 300°C, the move- 
ment velosity of the impurities within the silicon wafer 
becomes small. At temperatures higher than 650°C, on 
the other hand, the diffusion velosity of the impurities 
becomes so fast that the diffusion energy is larger than 
the capture energy of the distorted layer, which makes 
it difficult to capture the impurities in the distortion layer 
of the silicon wafer. 

The reason why the processing time of the CVD 
process is set in the aforementioned range is that a too 
short processing time results in its insufficient capture 
effect and difficult evaluating of an absolute quantity of 
such impurities present within the wafer. A too long 
processing time, on the other hand, results in its reduced 



processing efficiency and a lear of involving contamina- 
tion from the outside even at the low temperature. 

In the above aspects, the method for applying a me- 
chanical damage onto the silicon wafer can be imple- 

5 mented by sandblasting, by lapping or by laser irradia- 
tion. The sandblasting is carried out by blasting based 
on collision of granules and/or powders of like dry ice, 
pure water, aqueous acid solution, organic substance 
being solid state at a temperature range between -20 to 

10 1 0°C and being liquid at temperatures exceeding 1 0°C 
and so on. 

Whether to apply the mechanical damage to a side 
(front side) of the silicon wafer where a semiconductor 
device is to be formed or to the opposite side (rear side) 
75 thereol, it is determined preferabty by taking into con- 
sideration a bulk impurity recovery rate into the chemical 
solution or vapor for the dissolution process. 

In the present invention, as the chemical solution 
for dissolving only the aforementioned thermal oxide 
20 film, the aforementioned native oxide film, chemically- 
grown oxide film or oxide film deposited by the CVD 
process or one of these oxide films and the silicon sur- 
face layer positioned directly therebelow; a well-known 
etching solution may be employed. In the former case, 
25 jt is preferable that the chemical solution be, for exam- 
ple, hydrofluoric acid; whereas, in the latter case, it is 
preferable that the chemical solution be, for example, a 
mixed solution of hydrofluoric acid, nitric acid and acetic 
acid. 

30 Even in the case of either one of qualitative and 
quantitative analysis of the bulk impurities, it is desirable 
to bring into contact with the etching solution the entire 
area of oxide film (thermal oxide film, native oxide film, 
chemically-grown oxide film or deposited oxide film) of 
3S the sample wafer as well as the entire surface layer of 
the silicon wafer positioned immediately therebelow. 
This is for the purpose of increasing a recovery rate of 
bulk impurities into the chemical solution for wafer dis- 
solution process. To this end, there are suggested, for 
40 example, methods (1 ) and (2) which follow. 

That is, (1 ) a sample wafer is placed within a sealed 
container, the aforementioned mixed etching solution is 
supplied in the form of vapor onto the entire surface of 
a thermal oxide where it is condensed. 
45 (2) A sample wafer is placed within a sealed con- 
tainer, a vapor of hydrofluoric acid is supplied onto the 
entire surface of a thermal oxide film to be condensed 
and to make the wafer surface hydrophobic, and then 
the aforementioned etching mixture solution is dropped 
so onto the surface of the sample to be movingly contacted 
with all over the sample surface (refer to Japanese Pat- 
ent Laid-Open Publication No. 2-28533, entitled "Impu- 
rity Measuring Method & Measuring Device"). 

In the present invention, the completion of dissolu- 
55 tion of only the oxide film of the sample wafer can be 
confirmed, when a hydrofluoric acid solution is em- 
ployed as the chemical solution for dissolution of the ox- 
ide film for example, based on the fact that the wafer 
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surface becomes hydrophobic with the progress of the 
dissolution of oxide, then the acid solution is repelled by 
the resultant silicon wafer surface to form a liquid 
sphere, although the wafer surface is hydrophilic under 
the presence of the oxide film. 

Further, the completion of dissolution of the silicon 
surface layer positioned directly below the oxide film can 
be confirmed by measuring the thickness of the silicon 
wafer at proper times to confirm that a difference be- 
tween the thicknesses of the wafer before and after the 
dissolution becomes sufficiently large. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description when taken with 
the accompanying drawings in which: 

Fig. 1a-1d shows cross-sectional views for explain- 
ing processing steps and operations in a method for 
analyzing impurities in the bulk of a silicon wafer in 
accordance with a first invention; and 
Fig. 2a-2d shows cross-sectional views for explain- 
ing processing steps and operations in a method for 
analyzing impurities in the bulk of a silicon wafer in 
accordance with a third invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be detailed in connection 
with several preferred embodiments. 

In first one of the embodiments of the present in- 
vention, a silicon wafer 1 containing impurities 2 therein 
as shown in Fig. la is formed in its one major surface 
with such distortions 3 to form a distorted layer 4 thereon 
as shown in Fig. 1b. As shown in Fig. 1c, a surface layer 
of the silicon wafer 1 positioned on its distortions-intro- 
duced side is subjected to a thermal oxidation process 
to form a thermal oxide film 5 thereon. Thus, the distort- 
ed layer 4 forms the surface layer of the thermal oxide 
film 5. Under the influence of the thermal energy, the 
impurities 2 present in the bulk under a boundary sur- 
face between the thermal oxide film 5 and a silicon layer 
6 are moved through the silicon and captured within the 
distorted layer 4; while the impurities 2 present on the 
above boundary, in the vicinity thereof, or in the layer 
thereabove are moved into the thermal oxidation film 5 
or to the boundary. 

Accordingly, as shown in Fig. 1d, the thermal oxide 
film 5 and an surface layer 6a positioned directly there- 
below as an upper surface of the silicon layer 6 are dis- 
solved with a chemical solution to recover a dissolution 
solution 7. When the dissolution solution 7 is analyzed, 
a total quantity of impurities attached onto the surface 
of the silicon wafer 1 , impurities adsorbed on the surface 
of the silicon wafer 1, and the bulk impurities 2 can be 



quantitatively analyzed with high accuracy and high 
sensitivity. 

When only the thermal oxide film 5 is dissolved and 
removed from the wafer, an impurity recovery rate slight- 
$ ly drops compared to that in Fig. 1 . 

In the analysis method of the first invention, since 
only the surface layer of the sample wafer is converted 
to the thermal oxide film, and the thermal oxide film and 
the surface layer of the silicon layer are dissolved and 
removed; it takes less time to get an analysis sample 
solution. Further, since a less quantity of such analysis 
sample, that is, a less quantity of predetermined disso- 
lution solution is required; sufficient analysis accuracy 
and sensitivity can be realized. 

In addition, the thickness of the wafer after the anal- 
ysis sample is taken is made thinner by an amount cor- 
responding nearly to the thickness of the thermal oxide 
film than that before the sample is taken. Since almost 
all the surface and bulk impurities are removed and thus 
the wafer exhibits excellent electrical characteristics, 
however, this analysis method is advantageous in that 
there can be obtained a high quality ol wafer which con- 
tains substantially no impurities removed simultaneous- 
ly with the taking of the analysis sample. 

In an analysis method of the second invention, a 
native oxide film or a chemically-grown oxide film in 
place of the thermal oxide film 5 is formed and then sub- 
jected to an annealing process under predetermined 
conditions, producing substantially the same action and 
effect as in the first embodiment. 

In an analysis method of the third invention, a silicon 
wafer 1 containing internal impurities 2 therein as shown 
in Fig. 2a is formed in its one major surface with such 
distortions 3 as shown in Fig. 2b. As shown in Fig. 2c, 
thermal energy when an oxide film 15 is formed on a 
major surface of the silicon wafer 1 positioned on its dis- 
tortions-introduced side causes impurities 2 present in 
the bulk of a silicon layer 6 to move into a boundary be- 
tween the oxide film 15 and silicon layer 6 or into the 
oxide film 15. 

Accordingly, as shown in Fig. 2d, the oxide film 15 
and an surface layer 6a positioned directly therebelow 
as an upper surface of the silicon layer 6 are dissolved 
with a chemical solution to recover a dissolution solution 
17. When the dissolution solution 17 is analyzed, a total 
quantity of impurities attached onto the surface of the 
silicon wafer 1, impurities adsorbed on the surface of 
the silicon wafer 1 , and the internal impurities 2 can be 
quantitatively and qualitatively analyzed with relatively 
high accuracy and high sensitivity. 

In an analysis method of the third invention, since 
an oxide film is formed on a sample wafer, and the oxide 
film and the surface layer of the silicon layer positioned 
directly therebelow are dissolved and removed; it takes 
less time to get an analysis sample solution. Further, 
since a less quantity of such analysis sample, i.e., a less 
quantity of predetermined dissolution solution is re- 
quired; sufficient analysis accuracy and sensitivity can 
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be realized. 

Further, the thickness of the remaining sample wa- 
fer after the analysis sample is taken is not made sub- 
stantially thinner than that before the sample is taken. 
Furthermore, since almost all the surface and bulk im- 
purities are removed and thus the wafer exhibits excel- 
lent electrical characteristics, this analysis method is ad- 
vantageous in that there can be obtained a high quality 
of wafer which contains substantially no impurities re- 
moved simultaneously with the taking of the analysis 
sample. 

An example of the present invention and compara- 
tive examples will be detailed below. 

Example 1 : 

Prepared as samples were a plurality of silicon wa- 
fers of a p type <1 00> having a diameter of 200mm and 
a thickness of 725 u.m obtained through exactly the 
same steps. One was selected from the prepared sam- 
ples, subjected on its one side to a sandblasting process 
with use of powder of Si0 2 , and then subjected to an 
oxidation process for 10 minutes in an oxygen atmos- 
phere with a dryness of 100% and a temperature of 
430°C, which resulted in that the sandblasted side of 
the silicon wafer was lormed thereon with a thermal ox- 
ide film as a wafer surface layer. The thermal oxide film 
was dissolved with a solution of hydrofluoric acid to ob- 
tain a solution, the solution was recovered, and then 
subjected by a flameless atomic absorption spectrome- 
ter to a quantitative analysis of metal elements con- 
tained therein. 

As a result of the quantitative analysis, an Ni content 
was 100 x 10 10 atoms/cm 2 and a Cu content was 1 x 
10 10 atoms/cm 2 . 

Comparative Example 1: 

One was selected from the remaining silicon wafer 
samples other than the used sample and subjected to 
exactly the same processes as in the Example 1 , except 
that the sandblasting process with use of the powder of 
Si0 2 was not used. An obtained thermal oxide film was 
dissolved with a solution of hydrofluoric acid to obtain a 
solution, the solution was recovered and then subjected 
by the flameless atomic absorption spectrometer to 
qualitative and quantitative analysis of metal elements 
contained therein. 

As a result of the analysis, neither Ni nor Cu was 
detected. 

Comparative Example 2: 

One was selected from the silicon wafer samples 
remaining in the Example 1, subjected on its one side 
to a sandblasting process with use of powder of Si0 2 in 
the same manner as in the Example 1 , and then left to 
stand in a clean booth to grow a native oxide film on the 



wafer. The native oxide film was dissolved with a solu- 
tion of hydrofluoric acid, the resultant solution was re- 
covered, and subjected by flameless atomic absorption 
spectrometer to a quantitative analysis of metal ele- 
5 ments contained therein. 

As a result of the analysis, neither Ni nor Cu was 
detected. 

As will be clear from the foregoing explanation, in 
accordance with a first invention, since a mechanical 

10 damage is applied to one major surface of a silicon waf e r 
to introduce distortions therein andthen the silicon wafer 
is subjected to a thermal oxidation process; impurities 
in the bulk of the silicon wafer can be collected in the 
oxide film and the surface layer (distortion zone) of the 

75 silicon wafer positioned directly therebelow. Further, 
since the thermal oxide film or the thermal oxide film and 
the surface layer of the silicon wafer positioned directly 
therebelow are dissolved with a chemical liquid to re- 
cover and analyze the dissolution solution; the impuri- 

20 ties within the wafer can be advantageously analyzed 
in a convenient and simple manner with high accuracy 
and sensitivity. 

In accordance with a second invention, since impu- 
rities in the bulk of a silicon wafer are moved into a native 

25 oxide film formed as a surface layer of the wafer and 
also into a surface layer of the wafer positioned directly 
therebelow to prepare and analyze a predetermined so- 
lution in substantially the same manner as in the first 
invention; the second invention can exhibit substantially 

30 the same effects as the first invention. 

In accordance with a third invention, since impuri- 
ties within a silicon wafer are moved through the silicon 
wafer under the influence of thermal energy during the 
chemical vapor deposition (CVD) process over a distort- 

35 ed layer to be formed on the surface layer of the wafer, 
that is, since the impurities are moved into a deposited 
oxide film and the surface layer (distorted layer) of the 
wafer positioned directly therebelow to prepare and an- 
alyze a predetermined solution in substantially the same 

40 procedure as in the first invention; the third invention can 
exhibit substantially the same effects as the first inven- 
tion. 

While the present invention has been described in 
connection with certain preferred embodiments, it is to 

45 be understood that the subject matter encompassed by 
the present invention is not limited to those specific em- 
bodiments. On the contrary, it is intended to include all 
alternatives, modifications, and equivalents as can be 
included within the spirit and scope of the following 

50 claims. 



Claims 

55 1. a method of analyzing impurities in a bulk of a sili- 
con wafer, comprising the steps of: 

applying a mechanical damage onto one major 
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surface of said silicon wafer to introduce distor- 
tions therein to form distorted layer; 
subjecting the silicon waler to a thermal oxida- 
tion process to form thermal oxide film on the 
wafer surface said distorted layer is lormed s 
thereon; 

dissolving said thermal oxide film or said ther- 
mal oxide film and surface layer of the wafer 
with chemical solution or vapor to recover a dis- 
solved solution; and io 
analyzing said recovered solution. 

2. A method according to claim 1, wherein said step 
of subjecting the silicon wafer to a thermal oxidation 
process to form thermal oxide film on the wafer sur- is 
face said ditorted layer is formed thereon is carried 

out by annealing said silicon wafer in the presence 
of an oxygen gas at a temperature of from 300°C 
to 650°C both inclusive for 2-120 minutes. 

20 

3. A method of analyzing impurities in a bulk of a sili- 
con wafer, comprising the steps of: 

applying a mechanical damage onto one major 
surface of said silicon wafer to introduce distor- 25 
tions therein to form distorted layer; 
converting said distorted layer at the surface of 
the silicon waler to a native or chemically- 
grown oxide film; 

subjecting the wafer to an annealing process at 30 
a temperature of from 300°C to 650°C both in- 
clusive for 2-120 minutes; 
dissolving with a chemical solution or vapor any 
one selected from the group of (1) said native 
oxide film, (2) the native oxide film and said sil- 35 
icon surface layer directly therebelow, (3) said 
chemically-grown oxide film, and (4) said 
chemically-formed oxidation film and said sili- 
con surface layer directly therebelow to recover 
a dissolved solution; and 40 
analyzing said recovered solution. 

4. A method of analyzing impurities in a bulk of a sili- 
con wafer, comprising the steps of: 

45 

applying a mechanical damage onto one major 
surface of said silicon wafer to introduce distor- 
tions therein to form distorted layer; 
subjecting said distorted layer at the surface of 
the silicon wafer to an atmospheric pressure so 
chemical vapor deposition (CVD) process or a 
low pressure CVD process to deposit an oxide 
film on said distorted layer; 
dissolving said oxide film or said oxide film and 
surface layer of the wafer with a chemical so- ss 
lution or vapor to recover a dissolved solution; 
and 

analyzing said recovered solution. 



5. A method of analyzing impurities in a bulk of a sili- 
con wafer as set forth in claim 4, wherein said step 
. of depositing said oxide film by said atmospheric 
pressure chemical vapor deposition (CVD) process 
or said low pressure CVD process is carried out at 
a temperature of from 300°C to 650°C both inclu- 
sive for 2-1 20 minutes. 
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